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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to sterilization systems, and more particularly, to a circuit for recirculating, filtering 
and controlling the vapor content of the gaseous medium in a sealable enclosure. 

10 Description of the Prior Art 

Conventional gaseous sterilization systems typically f tow sterilant into the sterilization chamber and exhaust the 
sterilant to a drain. An open system is described in Picard et al. U.S. Patent No. 4,435,194. A problem often associated 
with such open systems is the safe disposal of residual gases. An open flow-through sterilization system that eliminates 
15 the problem of residual vapors is described in European patent application publication No, 0 298 694. One means of 
providing a closed system is taught in that European patent application, but that means does not address the problem 
of moisture build up in the system to be described below. 

Several closed systems for steam sterilizers have been developed which recirculate the steam rather than exhaust- 
ing it. Arrangements for steam autoclaves are disclosed in Under U.S. Patents Nos. 3,443,884 and 3,773,466. Another 
20 closed steam sterilization system is described in Childers U.S. Patent No. 4,808,377. In the closed steam sterilization 
systems, the steam is passed from the sterilization chamber, condensed, passed to a liquid storage compartment and 
eventually directed to a heater for conversion to steam and reuse in the sterilization chamber. 

When the sterilant is steam, moisture in the closed system is not a problem. It is simply recycled for further use in 
the sterilization process. If other gases were to be used as the sterilant in a dosed system, e.g., ethylene oxide, vapor 
25 phase hydrogen peroxide or ozone, the buildup of moisture would be highly detrimental to the sterilization process. 

When the sterilant of choice is vapor phase hydrogen peroxide, which is typically generated from an aqueous solu- 
tion of liquid hydrogen peroxide, the natural tendency of hydrogen peroxide vapor to degrade to oxygen and water would 
exacerbate the problem of moisture buildup in a closed system. The elimination of the need to dispose of residual ster- 
ilant vapors, however, commends a closed system for vapor phase hydrogen peroxide sterilization. 
30 An object of the present invention is to provide a closed gaseous sterilization system in which the moisture content 
of the gases can be controlled. A further object of the present invention is to provide such a system which can be used 
to sterilize a variety of existing enclosures. Finally, it is an object of the present invention to eliminate problems associ- 
ated with the disposal of residual sterilant vapors. 

35 SUMMARY OF TH5 INVENTION 

According to the present invention there is provided a method of conditioning and decontaminating the interior of a 
sealable enclosure and the contents thereof comprising: 

40 providing a sealable enclosure and processing means associated therewith; 

sealing said enclosure from fluid communication with unf ittered atmospheric air; 

filtering a gas and establishing a continuous recirculating flow of said filtered gas through said enclosure and 
through said means for processing said flow of filtered gas as flutdJy connected to said enclosure and selectively 
sealed from fluid communication with unfiltered atmospheric air, wherein said processing means comprises a 
45 means for drying said flow of filtered gas, a means for heating said flow of filtered gas and conduit means f lukJIy 
connecting said drying means to said heating means; 

reducing the relative humidity of said gas within said recirculating flow of gas to a predetermined level by directing 
said flow of filtered gas through said drying means; 

selectively introducing a vapor decontaminant at a predetermined concentration into said flow of recirculating gas 
so after said flow of filtered gas exits said drying means and before said flow of filtered gas enters said enclosure so 
that said flow of recirculating filtered gas carries said vapor decontaminant into and through said enclosure, 
wherein said vapor is a multicompound vapor and one component is water vapor; 

maintaining said continuous recirculating flow of filtered gas and vapor decontaminant through said enclosure for 
a first predetermined period of time sufficient for decontaminating said enclosure and any contents therein; 
55 continuously reducing the relative humidity of said recirculating flow of filtered gas to maintain the relative humidity 
at about said predetermined level for at least during said first period of time; and 

following said first period of time, discontinuing introduction of vapor decontaminant and continuing said flow of fil- 
tered gas into and through said enclosure for a second period of time sufficient for removing vapor decontaminant 
from said enclosure. 
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The objects of the present invention are satisfied by the method of decontaminating a sealable nclosure and the 
contents thereof which includes th steps of sealing the enclosure from fluid communication with atmospheric air and 
establishing a continuous recirculating flow of a filtered gas, preferably air or nitrogen, through the enclosure and 
through a means fluidly connected to the enclosure for processing the flow of gas. The processing means is selectively 

5 sealed from fluid communication with atmospheric air. The method also includes the steps of reducing the relative 
humidity of the gas within the flow of recirculating gas to a predetermined level, s lectively introducing a vapor decon- 
taminant, preferably vapor phase hydrogen peroxide, into the flow of recirculating gas at a predetermined concentration 
so that the flow of recirculating gas carries the vapor decorrtaminant into and through the enclosure and maintaining the 
continuous flow of recirculating gas and vapor decorrtaminant through the enclosure for a first predetermined period of 

70 time. The first period of time may be that sufficient for sterilizing the enclosure and its contents or may be a period of 
time sufficient for disinfecting or sanitizing the enclosure and its contents. The relative humidity of the recirculating flow 
of gas is continuously reduced to about the predetermined level for at least during the first period of time. Following the 
first period of time, the method further includes the steps of continuing the flow of recirculating gas into and through the 
enclosure for a second period of time sufficient for removing residual vapor decorrtaminant from the enclosure. The 

is vapor may be removed by converting the residual vapor decorrtaminant to a form suitable for disposal. Alternatively, or 
in addition, the vapor may be removed by physically removing it from the flow of gas. 

The method may also include the step of pressurizing the enclosure to a selected elevated level by selectively 
admitting filtered gas to the processing means or the step of evacuating the enclosure to a selected reduced level by 
selectively exhausting filtered gas from the processing means. 

20 The relative humidity of the gas is reduced preferably by circulating the flow of gas. or the flow of gas and vapor 
decorrtaminant, through a drying agent 

The step of introducing vapor decorrtaminant into the recirculating fbw of gas preferably comprises the steps of 
passing a liquid decontaminant to a vaporization chamber or some other means for heating the liquid decontaminant to 
a temperature sufficient for transforming the liquid into vapor and passing the flow of recirculating gas through the 

25 vaporization chamber, or heating means, to carry the vapor decorrtaminant into and through the enclosure. The vapor 
decorrtaminant may be introduced into the recirculating flow of gas in continuous increments or in intermittent incre- 
ments. 

Following the second period of time, when the residual vapor decorrtaminant is removed from the enclosure, water 
vapor may be optionally introduced into the recirculating flow of gas to humidify the enclosure. When the water vapor is 

30 introduced, the circulating flow of gas bypasses the drying agent so that the relative humidity of the gas is not reduced. 
The step of introducing water vapor into the recirculating flow of gas comprises the steps of passing liquid water to a 
vaporization chamber or some other means of heating the liquid water to a temperature sufficient for transforming the 
liquid water to water vapor and passing the recirculating flow of gas through the vaporization chamber, or heating 
means, to carry the water vapor into and through the enclosure. 

35 The method of the present invention can be practiced in a sealable enclosure which is connected in a sealed rela- 
tionship to a means for processing a gaseous medium. The processing means is preferably a unit for generating vapor 
decorrtaminant and recirculating and controlling the vapor and the humidity of the gaseous medium. The enclosure and 
the processing means establish a closed circuit for recirculating, decontaminating and controlling the vapor content of 
a gaseous medium in the enclosure. The means for processing the gaseous medium includes an inlet port connected 

40 to an outlet of the enclosure and at least one outlet port connected to corresponding inlets of the enclosure. The 
processing means includes a circuit proceeding from the inlet of the processing means through a first filter and through 
a pump for withdrawing the gaseous medium from the enclosure and for pushing the gaseous medium flowing down 
stream of the pump through a drying agent. The circuit also includes, downstream of the drying agent, at least one and 
preferably two, means for converting a selected decorrtaminant into a form suitable for disposal. The circuit proceeds 

45 from the converting means to a vaporizer and from the vaporizer to at least one outlet of the processing means. When 
the outlet port of the processing means is connected to the inlet of the enclosure, the circuit is extended to the enclosure 
and returns via the outlet of the enclosure to the inlet port of the processing means, when connected, to define the 
closed circuit. 

The processing means also includes at least one liquid reservoir fluidly connected to the vaporizer. An injection 
so pump may be provided to aid in directing the liquid in the reservoir to the vaporizer. At least one liquid reservoir contains 
a liquid decontaminant such as an aqueous solution of hydrogen peroxide. A second liquid reservoir, if present, may 
contain water to humidify the enclosure. First valve means are provided fa selectively delivering liquid from the reser- 
voir to at least one heating means. 

A second valve means is provided to selectively admit gas through the first filter to the closed circuit to increase the 
55 pressure therein. A third valve means and a second filter are provided to selectively exhaust gas through the second 
filter from the closed circuit to decrease the pressure therein. A fourth valve means and a bypass line are provided to 
permit the circuit to bypass the drying agent and proc ed directly from the pump to the converting means when humid- 
if ication is desired. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be better understood by ret rence to the drawings in which: 

5 Figure 1 is a schematic diagram of a preferred embodiment of the recirculation/drying unit of the present invention; 
Figure 2 is a schematic diagram of an alternative embodiment of the recirculation/drying unit of the present inven- 
tion; 

Figure 3 is a section view of the vaporizer/converter used in the preferred embodiment of the recirculation/steriliza- 
tion unit of the present invention; 
w Figure 4 is a section view of the vaporizer/converter of Figure 3 along the line Ill-Ill; 

Figure 5 is a graph showing the theoretical concentration of vapor phase hydrogen peroxide in a 1 45 cubic foot flex- 
ible chamber for a recirculating airflow of 10.5 SCFM; and 

Figures 6 and 7 are graphs showing the theoretical concentration of vapor phase hydrogen peroxide having a half- 
life of ten and five minutes, respectively, in a 728 cubic foot rigid walled room for a recirculating air flow of 1 1 SCFM. 

15 

DETAILED DESCRIPTION QF THE PREFERR ED EMBODIMENT? 

Figures 1 and 2 illustrate the preferred embodiments of the recirculation/drying unit 10 of the present invention. The 
unit 10 is designed for use with almost any sealable enclosure 12. The unit 10 provides a means and a method for 
20 decontaminating enclosure 12 and for recirculating, filtering and controlling the water and decontaminant vapor con- 
tent of the gaseous medium within the enclosure 12 and unit 10. The unit 10 can humidify or dehumidify, introduce 
decontaminant vapor into or remove it from the gaseous medium of enclosure 12 as the gaseous medium moves 
through the closed circuit created when unit 10 and enclosure 12 are connected. 

The term "decontamination" and variations thereof as used herein shall mean the physical/chemical process (or 
25 product) by which an object, contaminated with harmful microbial life, is made safe for handling. The levels of decon- 
tamination are sterilization, disinfection and sanitization. 

The unit 10 may be a self-contained, detachable unit which can be moved from enclosure to enclosure. Alterna- 
tively, the unit 10 may be integrally connected to a single sealable enclosure 12. The sealable enclosure 12 can be an 
enclosure having rigid walls, such as a clean room, a glove box, fume hood, biological safety cabinet, incubator or refrig- 
30 erator, or an enclosure having flexible walls, such as a flexible film isolator. The unit 10 can be used regardless of the 
internal pressure requirements of the enclosure. Unit 10 can be used to decontaminate the interiors and contents of 
negative pressure enclosures such as those used in virology, positive pressure enclosures, such as clean rooms and 
enclosures wherein there is no differential in pressure between the interior and the exterior of the enclosure. 

Recirculation/drying unit 10 includes generally an air pump 20, a drier 40, a reservoir of liquid decontaminant 60, 
35 at least one, but preferably two vaporizer/converters 80 and 82, a fluid injection pump 90 and filters 30, 50 and 70. 
Valves, sensors and fluid flow lines are also provided. 

The decontaminant is preferably vapor phase hydrogen peroxide. Other low temperature chemical decontaminants 
may be used. For reasons to be explained hereinbelow, steam is not recommended as the decontaminant in the unit 1 0 
of the present invention. 

40 The unit 10 uses air or some other nonhazardous gaseous medium, such as nitrogen, to circulate the decontami- 
nant through the enclosure 12. For purposes of describing the preferred embodiments of the invention and without lim- 
iting the invention, the gaseous medium discussed will be air and the decontaminant discussed will be vapor phase 
hydrogen peroxide. The process discussed will assume that the objective is to sterilize the enclosure 12 and its con- 
tents. 

45 Referring to Rgure 1, the enclosure 12 has two inlets, 14 and 16, and an outlet 18. At least one inlet, 14 or 16 is 
required. Any suitable know means (not shown), such as a fan, may be provided to create turbulence in the enclosure 
12 to mix the vapor sterilant throughout the enclosure. The recirculation/drying unit 10 includes one inlet port 22 and 
two outlet ports, 24 and 26. At least one outlet port, 24 or 26 is required. Inlets 1 4 and 1 6 of enclosure 1 2 are connected 
to outlet ports 24 and 26, respectively, of unit 10 by fluid flow lines 21 and 23. Outlet 18 of enclosure 12 is connected to 

so inlet port 22 of unit 1 0 by fluid flow line 25. By suitable known connections, inlets 1 4 and 1 6 and outlet 1 8 may be releas- 
ably or integrally connected in a sealed relationship to their respective fluid flow lines 21 , 23 and 25 and outlet ports 24 
and 26 and inlet port 22. A pressure sensor 28 located within unit 10 is operatively connected via line 27 to port 29 of 
enclosure 12 to detect the level of pressure within enclosure 12. 

The fluid flow path through unit 10 proceeds through inlet port 22 along return line 32 to an absolute air filter 30, 

55 through a flow restricter 34, to pump 20 and to drier 40. A sensor 36 monitors the rate of flow through the flow restricter 
34. Pump 20 pulls the air and the vapors within enclosure 12 into unit 10, then pushes the air and vapors through drier 
40. 

Drier 40 may be any suitable known dessicant column. Molecular sieves known for their selective absortion char- 
acteristics may be used in the column. Anhydrous calcium sulfate sold by W. A. Hammand Dri rit Company under the 
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name DRIERITE, for example, is a neutral, chemically stable noncorrosive, nondisintegrating, nonpoisonous, regener- 
ative drying agent which is inert to ev rything except wat r. The best drying agents are those that react rapidly and irre- 
versibly with water. Some drying agents ar soluble in solvents and can be explosive if mishandled. Care should be 
taken, therefore, to carefully choose a drying agent suitable for the circumstanc s in which it will be used. 

5 Th drier 40 removes water from the gaseous medium as it passes through. Drier 40 is provided with an electric 
heater 42. The drying agent is regenerated by passing a stream of heated air through it in a suitable known manner, 
between runs of the recirculation/drying unit 10. Dessicants typically do not work or do not work well at high tempera- 
tures. Anhydrous calcium sulfate for example, works well at 75°F, but can work with only some loss of efficiency with a 
temperature rise up to 200°F. The unit 10, therefore, is not suitable for steam sterilization processes or any other steri- 

w lization process wherein the temperature would be greater than the temperature tolerated by the particular drying agent 
used. 

There are two exit paths from drier 40, path 44 and path 46. Path 44 leads to entrance port 81 in vaporizer/con- 
verter 80. Air from line 44 passes into port 81 of the converter portion of vaporizer/converter 80. Air from line 46 passes 
into port 83 of the converter portion of vaporizer/converter 82. Path 46 leads to entrance port 83 in vaporizer/converter 
15 82. 

The vaporizer and converter may be two separate units appropriately connected within unit 10. In the preferred 
embodiment shown in Figures 3 and 4, however, they are used together as a single unit. The vaporizer/converter 80 is 
described and claimed in European patent application publication No. 0 298 694, referenced above, the disclosure of 
which is hereby incorporated herein by reference. Vaporizer/converter 80 has an external housing 84 and an internal 

20 housing 86. An outer chamber 88 is defined therebetween. The internal housing 86 defines an inner chamber 85. The 
outer chamber 88, which functions as the converter, houses a plurality of spheres 1 08 which define a low flow-resistant 
tortuous path having a high surface area for degradation of the sterilant. When the system is used as a hydrogen per- 
oxide sterilization system, the metallic spheres 108 are preferably coated, or made entirely of, copper, platinum, palla- 
dium or some other material known to catalytically degrade hydrogen peroxide. A heating element 104, such as an 

25 electric band heater, provides temperatures sufficiently high within the outer chamber 88, which, when coupled with the 
highly catalytic, high surface area tortuous pathway created by spheres 108, nearly instantaneously catalytically 
decomposes the sterilant vapor. Although the spheres 108 have been demonstrated to work well in decomposing 
hydrogen peroxide into its degradation products, water and oxygen, any suitable environment which substantially, and 
preferably completely, converts the sterilant to a form suitable for disposal will suffice. 

30 The previously dried and now heated air exits the converter through port 87 in vaporizer/converter 80 and port 89 
in vaporiser/converter 82, and proceeds along lines 94 and 92, respectively through venturi flow restrictors to ports 96 
and 98 in the vaporizer portions of vaporizer/converter 80 and 82. Path 92 splits after exiting from port 89 to line 48 
which leads to solenoid valve 72, air filter 70 and vacuum bleed-out port 74. Solenoid valve 72 is opened to reduce the 
pressure within the unit 10 and enclosure 12 when the pressure exceeds a predetermined level. Valve 72 may be 

35 opened to reduce pressure by discharging filtered, dried air at timed intervals during a sterilization cycle if the cycle 
requires a reduction in pressure at a certain stage. 

Pressure in unit 10 and enclosure 12 can be increased by opening solenoid valve 78 to admit outside air through 
port 76 to pressure bleed-in line 75. Air admitted through valve 78 is pulled through air filter 30 by pump 20 and directed 
to drier 40. The solenoid valve 78 can be opened at predetermined intervals in a sterilization cycle when increased 

40 pressure is desirable and can be opened to admit air if the pressure within the unit 10 and enclosure 12 drops below a 
predetermined desirable level. If the unit 10 is to be used in an explosion proof environment, port 76 can be connected 
to a slightly pressurized air supply from an external source. The pressurized gas can be used to purge the unit 10 and 
enclosure 12 before the unit 10 is energized. 

At this point, the air can proceed through vaporizer exit ports 91 and 93, unit 10 outlet ports 24 and 26, along lines 

45 21 and 23 and into enclosure 12 through inlets 14 and 16. Enclosure 12 is sealed except for the opening through outlet 
18 along line 25 to inlet port 22 of unit 10 and the opening through inlets 14 and 16 to outlet ports 24 and 26 described 
above. The air may flow through enclosure 12 in a continuous flowing manner. The continuous flow of recirculating air 
along the closed circuit just described can be used to aerate the enclosure 12 and dehumidify and filter the air by pass- 
ing all of the air within the system through f flter 30, drier 40 and vaporizer/converter 80, 82. 

so When a sterilization cycle is desired, the recirculating flow of air carries the sterilant vapor from the vaporizer into 
and through enclosure 12 and returns it to unit 10 along the circuit just described. 

Liquid hydrogen peroxide is supplied by reservoir 60. Two three-way valves, 100 and 102, a vented filter 50 or an 
accumulator 55 and f ilter 57, an injection pump 90 and pressure switches 52 and 54 are provided. Each three-way valve 
100 and 102 has a path A B or a path C A. When the path C ~> A is open in valves 100 and 102, liquid sterilant 

55 is drawn from reservoir 60, through injection pump 90 and vented filter 50 where it is split between two lines; one leading 
to path C -> A in valve 100 and one leading to path C -> A in valve 102. The liquid sterilant proceeds to ports 96 and 
98, of the vaporizer portions of vaporizer/converters 80 and 82, respectively. Pressure switches 52 and 54 control the 
rate of flow of the sterilant injected into the vaporizers. 

Heat from heater 1 04 and, to some extent, the heat given off during the decomposition of the sterilant, is conducted 
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through the spheres 108 and internal housing 86 to inner chamber 85, which functions as the vaporizer to instantane- 
ously vaporize the liquid sterilant when it enters the inner chamber 85 of vaporizer/converter 80. The vaporizer temp r- 
ature when used for hydrogen peroxide sterilization is about 60-150°C (140-302°F). The vapor is th n passed through 
ports 91 and 93 f vaporizer/converters 80 and 82, through outlet ports 24 and 26 of unit 10, along lines 21 and 23 to 

5 inlets 14 and 16 and into the enclosure 12. The vapor may pass into the enclosure 12 continually or may pass incre- 
mentally as disclosed in Bier U.S. Patent No. 4,642,165. the relevant portions of which are hereby incorporated herein 
by reference. The control of the liquid injection is by an electronically controlled pressure compensated flow control that 
preferably produces a nearly continuous fine mist varying from 0.2 to 1 8 grams per minute. 

The sterilant vapor, as stated above, is carried by the heated flowing air through the sealed enclosure. When the 

10 sterilant vapor returns to unit 1 0 it passes through filter 30 and drier 40. Because the liquid sterilant is an aqueous solu- 
tion of hydrogen peroxide, a portion of the vapor passed to enclosure 12 is water vapor. The hydrogen peroxide vapors 
are also degraded to some extent to oxygen and water. The water vapor portion of the degraded sterilant and the water 
vapor generated from vaporization of the liquid sterilant are substantially absorbed by the drying agent in drier 40. Low 
humidity air containing some sterilant exits drier 40 along lines 44 and 46 and passes into the converter portions of 

is vaporizer/converters 80 and 82 where any remaining hydrogen peroxide is degraded to oxygen and water. Injection of 
the sterilant into the vaporizers is continued. The vapor is carried into and through enclosure 12 and returned to unit 10 
as described. The sterilization cycle is continued for as long as it takes to sterilize enclosure 12. A shorter period can 
be used if only disinfection is desired. The flow of sterilant vapor through the flow lines and filters of unit 10 ensures that 
these components are also sterilized. 

20 When path C -> B of three-way divertor valve 100 is opened, the lines containing liquid hydrogen peroxide are 
directed back to reservoir 60. Since the liquid pump 90 will not permit back flow, this flow path from C B prevents 
pressure buildup in the sterilant delivery lines when the hydrogen peroxide breaks down into water and oxygen. 

Unit 10 is primarily intended for humidity reduction, sterilization and aeration. However, if humidification is desired, 
the alternative embodiment illustrated in Figure 2 can be employed. A water reservoir 62, injection pump 64 and filter 

25 66 are f luidly connected via path B -» A through three-way valve 1 02 to port 98 of vaporizer/converter 82. 

A three-way by-pass valve 1 10 is provided in the line between pump 20 and drier 40. Path A C of valve 110 
directs flow into drier 40 as described above. Path A -> B of valve 1 10 directs the flow of air around drier 40 along path 
1 1 2 to join paths 44 and 46 at points 1 1 6 and 1 1 8, respectively. 

When humidification is desired, valve 100 is energized C -> A but injection pump 90 is not activated. Path B -> A 

30 f valve 1 02 is opened and injection pump 64 is activated. Path A B of valve 1 1 0 is opened. Water is drawn from res- 
ervoir 62 through injection pump 64 and filter 66, along path B A of valve 1 02 to port 98 of the vaporizer portion of vapor- 
izer/converter 82 as well as along path C -> A valve 1 00 to port 96 of vaporizer/converter 80. The water is vaporized in 
the vaporizer and passed into enclosure 12 through ports 91 and 93, outlet ports 24 and 26, lines 21 and 23 and inlets 
1 4 and 16 along with the flow of air entering the vaporizer from the converter portion of vaporizer/converters 81 and 82. 

35 The moist air is drawn through enclosure 1 2 t exits outlet 1 8 and proceeds along path 25 to inlet port 22 and return 
line 32, through filter 30 and pump 20. Pump 20 then pushes the stream of moist air through path A -> B of by-pass 
valve 110, along path 112 to paths 44 and 46 as described. The moist air passes through the converter portions of 
vaporizer/converters 80 and 82, along lines 94 and 92 to the vaporizer portions of vaporizer/converters 80 and 82 and 
exits through converter ports 91 and 93 and outlet ports 24 and 26 to inlets 14 and 1 6 of enclosure 12. That flow pattern 

40 is continued until humidification of enclosure 1 2 is no longer desired. 

When aeration alone is desired, valves 100 and 102 are de-energized so that no sterilant and no water can be 
injected into the vaporizers. Drier 40 removes any moisture or vapor as the air passes through. Residual sterilant vapors 
are degraded in the converters. When the humidity and sterilant vapor levels have been reduced sufficiently, aeration 
can be discontinued. 

45 In order to regenerate the circuit, the connections between enclosure 12 and unit 10 at inlets 14 and 16 and outlet 
18 are released to create an open circuit Pump 20 draws in air through filter 30 at a predetermined controlled flow rate 
and passes it through drier 40. Heater 42 is activated so that this stream of air is heated and thereby removes moisture 
from the dessicant or molecular sieve material. Suitable known temperature sensors (not shown) in the drier can control 
regeneration by known means and can determine when regeneration is complete. Any residual sterilant vapor driven 

50 off by the regenerating drier 40 is converted to a form suitable for disposal in the converter portions of vaporizer/con- 
verters 80 and 82. Moist warm air exits the outlet ports 24 and 26 to atmosphere. 

The redrculatiorVdrying unit 1 0 of the present invention provides a closed circuit when sealabty connected to enclo- 
sure 12. It is easier and less expensive to dry the gaseous medium within a room, for example, by means of the closed 
recirculating circuit of the present invention than to purge the room using a dried gaseous medium. The predried air 

55 which results from the present invention will accept more of the preferred sterilant, a 30% by weight aqueous solution 
of hydrogen peroxide. As the relative humidity of the air within enclosure 12 increases, the amount of vapor phase 
hydrogen peroxide that can be added without risking over saturation and condensation of the vapor decreases. 

Table 1 contains a tabulation of the maximum allowable hydrogen peroxide vapor concentration as a function of the 
initial relative humidity and temperature, assuming th vaporization of a 30% by weight aqueous solution of hydrogen 
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peroxide. Condensation of the sterilant vapor will not occur when th recommended concentrations in Table 1 are not 
exceeded. 



TABLE I 



Temperatur 
Concentration °F 


'Maximum Allowable H2O2 Vapor 




RH=0% 


RH=10% 


RH=40% 


RH=80% 


50 


0.750 


0.626 


0.325 


0.081 


59 


1.061 


0.889 


0.467 


0.117 


68 


1.481 


1.241 


0.661 


0.166 


77 


2.043 


1.720 


0.913 


0.224 



'Assuming vaporization of 30% by weight aqueous solution of H 2 0 2 . 



20 In order to avoid condensation of the sterilant, it is important to reduce the relative humidity in an enclosure prior to 
introduction of the sterilant vapor. For example, to reduce the relative humidity in a 1000 cubic foot enclosure at 68°F 
from 40% to 1 0%, 151 .8 grams of moisture must be removed in a recirculation system. In an open system (i.e., flowing 
mixer), in order to reduce the relative humidity in the enclosure from 40% to about 6%, three times the amount of air 
and moisture would have to be flushed through the enclosure. This would require an air drier that is 3 times larger. 

25 Another advantage to a closed recirculating circuit is that less pressure or vacuum is applied to the enclosure as 
compared to an open circuit. In an open system, a pressure differential must be created which is sufficient to push or 
puil the gaseous medium through the supply piping, enclosure and exhaust piping. In the recirculating closed circuit, 
the enclosure acts like "piping" which connects the inlet of a pump to the pumps own outlet. The pressure drop in this 
piping is negligibly small since the gaseous medium is exiting at the same rate it is entering, and the effective "piping** 

30 diameter is the cross-section of the chamber. The pump does not have to be concerned with the absolute pressure of 
the enclosure because it is pumping "from" and "to" the same pressure. A smaller, less powerful pump can be 
employed. The recirculating closed circuit of the present invention does not exhaust residual sterilant vapors into the 
atmosphere. The vapors are returned to the unit 10 from the enclosure 12, dried and decomposed into harmless com- 
ponents which can be recirculated to the enclosure 12 while the system is in operation. Any exhaust to atmosphere dur- 

35 ing or after the use of the system is through a filter and occurs only after the residual vapors have been decomposed. 
A preferred method for employing the redrculation/drying unit 10 of the present invention includes a conditioning 
phase in which pump 20 is energized to draw the air from enclosure 12 and circulate it through unit 10 to dry and heat 
it, preferably until the relative humidity of enclosure 12 is reduced to about 10% or less. The airflow rate in the system 
of the present invention can be from 4-12 SCFM. At that point, valve 100 can be opened to permit liquid sterilant to be 

40 metered to the vaporizer portions of vaporizer/converters 80 and 82 as described above. The liquid sterilant is vapor- 
ized and carried or drawn with the recirculating air into enclosure 12 as described above. The introduction of vapor 
phase hydrogen peroxide can be in continuous increments or in intermittent increments at timed intervals depending 
upon the sterilization cycle to be employed for a particular type of enclosure. 

If the sterilization cycle of choice includes evacuation stages orpressurization stages, valves 72 and 78 can be acti- 

45 vated to decrease or increase the pressure within enclosure 12. The introduction of sterilant proceeds for a period of 
time sufficient for sterilizing enclosure 12 and the contents thereof. Alternatively, the introduction can proceed for a 
period of time sufficient for disinfecting enclosure 12 and it contents. Thereafter, valve 100 is dosed and liquid sterilant 
injection into the vaporizers ceases. 

Following the sterilization phase, the recirculation, filtering and drying of the gaseous medium continues in the aer- 

50 ation phase to ensure removal of the sterilant from enclosure 12 and the piping of unit 10. The flow of the gaseous 
medium through drier 40 and the converters removes any residual sterilant, converting it to a form suitable for disposal. 
In the case of hydrogen peroxide, the residuals are converted to the harmless degradation products, water and oxygen. 
When the residuals have been lowered to a desired level, pump 20 can be turned off. Alternatively, a desired positive 
or negative pressure can be maintained in enclosure 12. 

55 If desired, enclosure 12 can be humidified to return it to the level of relative humidity present prior to the condition- 
ing phase. Pump 20 would remain energized, valve 102 would be opened and pump 64 would be energized to deliver 
increments of water to the vaporizer. The resulting water vapor is then carried by the flow of air r drawn into enclosure 
12. By-pass valve 1 10 would be activated to divert th flow of moist air away from drier 40 directly to the converters. 
Following completion of the conditioning, sterilization, aeration and optional humidification phases, the unit 10 can 
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be disconnected from enclosure 1 2 to permit r generation of the drying agent as described above. 

Figure 5 illustrates the theoretical concentration of vapor phase hydrogen peroxide in a 145 cubic foot flexible film 

enclosure. A high injection rate for the first four minutes quickly brings the enclosur up to a concentration of 1 mg/liter. 

A lower injection rate for the next 26 minutes maintains the sterilant concentration in spite of degradation of the hydro- 
5 gen peroxide vapor into water and oxygen at the assumed half lif of five minutes. The cycle illustrated in Figure 5 was 

succ ssfully run und r th conditions shown. Biological indicators present in the enclosure demonstrated that steriliza- 
tion was complete. No condensation of vapors occurred. 

Figures 6 and 7 illustrate the theoretical concentration of vapor phase hydrogen peroxide for a 6.5 x 8.0 x 14 cubic 

foot rigid walled room, assuming an air circulation rate of 1 1 SCFM. The stepped graph above the concentration indi- 
10 cates the maximum allowable vapor phase hydrogen peroxide concentration at the given conditions. If the graphs were 

to cross, condensation would occur. The initial relative humidity was reduced to less than 10% before the introduction 

of sterilant vapor. 

A theoretical computer generated run was made to determine how long it would take for an enclosure with 10 air 
exchanges per hour to be reduced from 100% relative humidity to 10% relative humidity in a flowing mixer, ft took 97.7 
75 minutes to reduce a 1869 liter enclosure by passing totally dry air through it in a flowing mixer situation. 

A run was then made using the same program with different variables to see how it would take to aerate the same 
enclosure to 1 PPM (1 mg/liter = approximately 720 PPM), ft took 220 minutes for the enclosure to go from 3.56 mg/liter 
(2563 PPM) to .0198 mg/liter (14.3 PPM). 

During flow through in an open circuit the air has to have 22.778 mg/liter of moisture removed to reduce its relative 
20 humidity from 100% to 10% during all phases of the cycle. During the conditioning phase of the method of the present 
invention, 22.778 mg/liter must be removed from the 1869 liter enclosure. During the sterilization and aeration phases 
of the method of the present invention, no more than the total amount of sterilant injected must be removed. 

A comparison was made of the open and closed circuit methods of the air drying requirements for a 30 minute ster- 
ilization cycle on the 1869 liter enclosure with an air flow of 31 .15 liter/min. assuming 100% humidity at 80°F.: 

25 



TABLE II 



Phase 
of Cycle 


Elapsed 
Time 


Moisture Absorbed by Air Dryer 






Recirc/Dry Closed Circuit 


Row Through Open Circuit 


Condition 


97.7 min 


42.6 grams 


69.3 grams 


Sterilize 


60 min 


30.7 grams 


21.3 grams 


Aerate 


220 min 




156.1 grams 


Total 


337.7 min 


73.3 grams 


246.7 grams 



40 There is more than a 3: 1 difference in the drying requirements of the two systems. The comparison assumed 1 00% 
dry air was used to dilute the room during the condition phase of the open circuit flow through method. In reality, only 
90% dry air was available. The aeration was ended when 14 PPM moisture remained in the enclosure instead of 1 
PPM. ft would have further extended the aeration time and increased the drying requirements of the flow through sys- 
tem rf the run proceeded until 1 PPM moisture was achieved. 

45 The recirculation/drying unit 1 0 of the present invention eliminates moisture build up as a problem and thus, is able 
to maintain the enclosures to be sterilized at higher concentrations of vapor phase hydrogen peroxide for longer periods 
of time when compared to a recirculating system which does not include drier 40. In such a system, moisture would 
build up to intolerable levels. Moisture build up is not present in open flow through systems which can exhaust the moist 
air, but unacceptable amounts of residual sterilant are exhausted with the moist air. The recircuiation/drying unit 10 of 

so the present invention has the advantages of the open systems in its ability to maintain sterilant concentration for 
extended time periods and the advantages of the closed systems in its ability to avoid the introduction of residual ster- 
ilant vapors into the atmosphere. Yet this invention can use a smaller air drier system because the most moisture it ever 
has to absorb is that initially contained in the gaseous medium within the enclosure plus that injected. A flow through 
system could have to absorb 3 times that amount of moisture. 

55 

Claims 

1. A method of c ndrti ning and decontaminating the interior of a sealabie enclosure and the contents thereof com- 
prising: 



8 



EP 0 486 623 B1 



providing a sealable enclosur and processing means associated therewith; 
seating said nclosure from fluid communication with unfittered atmospheric air; 

fift ring a gas and stablishing a continuous recirculating flow of said filtered gas through said enclosure and 
through said means for processing said flow of filtered gas as fluidly connected to said enclosure and selec- 
tively sealed from fluid communication with unf iltered atmospheric air, wherein said processing means com- 
prises a means for drying said flow of filtered gas, a means for heating said flow of filtered gas and conduit 
means fluidly connecting said drying means to said heating means; 

reducing the relative humidity of said gas within said recirculating flow of gas to a predetermined level by direct- 
ing said flow of filtered gas through said drying means; 

selectively introducing a vapor decontaminant at a predetermined concentration into said flow of recirculating 
gas after said flow of filtered gas exits said drying means and before said flow of filtered gas enters said enclo- 
sure so that said flow of recirculating filtered gas carries said vapor decontaminant into and through said enclo- 
sure, wherein said vapor is a multicompound vapor and one component is water vapor; 
maintaining said continuous recirculating flow of filtered gas and vapor decontaminant through said enclosure 
for a first predetermined period of time sufficient for decontaminating said enclosure and any contents therein; 
continuously reducing the relative humidity of said recirculating flow of filtered gas to maintain the relative 
humidity at about said predetermined level for at least during said first period of time; and 
following said first period of time, discontinuing introduction of vapor decontaminant and continuing said flow 
of filtered gas into and through said enclosure for a second period of time sufficient for removing vapor decon- 
taminant from said enclosure. 

2. The method of claim 1 further comprising selectively admitting additional filtered gas to said processing means to 
increase the pressure within said enclosure to a selected elevated level. 

3. The method of claim 1 further comprising selectively exhausting filtered gas from said processing means to reduce 
the pressure within said enclosure to a selected reduced level. 

4. The method of claim 1 wherein said step of reducing the relative humidity comprises circulating said flow of filtered 
gas through a drying agent. 

5. The method of claim 1 wherein the step of introducing a vapor decontaminant into said flow of filtered gas com- 
prises passing a liquid decontaminant to a means for heating said liquid decontaminant to a temperature sufficient 
for substantially instantaneously transforming said liquid into vapor and passing said flow of filtered gas through 
said heating means to carry said vapor into and through said enclosure. 

6. The method of claim 1 wherein said first predetermined period of time is sufficient for sterilizing said enclosure and 
said contents. 

7. The method of claim 1 wherein said first predetermined period of time is sufficient for disinfecting said enclosure 
and said contents. 

8. The method of claim 1 wherein said first predetermined period of time is sufficient for sanitizing said enclosure and 
said contents. 

9. The method of claim 1 wherein said step of selectively introducing said vapor decontaminant comprises introducing 
said vapor decontaminant into said flow of filtered gas in continuous increments. 

1 0. The method of claim 1 wherein said step of selectively introducing said vapor decontaminant comprises introducing 
said vapor decontaminant into said flow of tittered gas in intermittent increments. 

1 1 . The method of claim 1 further comprising heating said flow of filtered gas before said flow of gas enters said enclo- 
sure. 

12. The method of claim 1 further comprising creating turbulence in said enclosure to mix said vapor decontaminant 
throughout said enclosure. 

13. The method of claim 1 further comprising: 

following said second period of time introducing water vapor into said flow of filtered gas to humidify said enclo- 
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sure; and 

discontinuing said step of maintaining the relative humidity of said gas at about said predetermined level. 

14. The method of claim 1 wherein said residual vapor decontaminant is removed from said enclosure by converting 
said residual vapor decontaminant to a form suitable for disposal. 

15. The method of claim 1 wherein said residual vapor decontaminant is removed from said enclosure by directing said 
residual vapor decontaminant out of said enclosure for storage and subsequent disposal. 

16. A method for recirculating, decontaminanting and controlling the vapor content of a gaseous medium in a sealable 
enclosure comprising: 

a. sealing said enclosure from communication with atmospheric air; 

b. withdrawing gas from said enclosure; 

c. passing the gas through a filter; 

d. directing the gas from said filter to a means for removing moisture from the gas; 

e. directing the gas from said moisture removing means to means for degrading a selected sterilant into deg- 
radation products suitable for disposal; 

f. directing the gas from said converting means to means for heating a liquid to a temperature sufficient for 
transforming the liquid into a vapor; 

g. directing the gas from said heating means to said enclosure; 

h. repeating steps b. through g. for a first period of time sufficient to reduce the relative humidity of the gas to 
a predetermined level; 

i. at the end of said first period of time, directing a liquid decontaminant from a liquid decontaminant reservoir 
to said heating means wherein said liquid decontaminant is transformed into a vapor decontaminant; 

j. introducing said vapor decontaminant into the gas flowing through said heating means and directing the gas 
and vapor decontaminant from said heating means to said enclosure; 
k. withdrawing gas and said vapor decontaminant from said enclosure; 
I. passing the gas and said vapor decontaminant through said filter; 

m. directing the gas and said vapor decontaminant from said filter to said moisture removing means; 

n. directing the gas and said vapor decontaminant from said moisture removing means to said converting 

means wherein said vapor decontaminant is transformed into its degradation products suitable for disposal; 

o. directing the gas and the degradation products from said converting means to said heating means; 

p. repeating steps i. through o. for a second predetermined period of time; and 

q. at the end of said second period of time, discontinuing step i. and j. and continuing steps k through a for a 
third period of time sufficient for removing residual vapor decontaminant from said enclosure and the gas flow 
and for transforming said residual decontaminant in to its degradation products. 



17. The method recited in claim 16 further comprising: 



r. at the end of said third period of time, directing water from a water reservoir to said heating means wherein 
the water is transformed into water vapor; 

s. introducing said water vapor into the gas flowing through said heating means and directing the gas and said 
water vapor from said heating means to said enclosure; 
t. withdrawing gas and said water vapor from said enclosure; 
u. passing the gas and said water vapor through said filter; 

v. diverting the gas and the water vapor away from said moisture removing means and directly to said convert- 
ing means; 

w. directing the gas and said water vapor from said converting means to said heating means; and 
x. repeating steps r. through w. for a fourth period of time sufficient to humidify said enclosure. 

18. The method recited in claim 16 further comprising increasing the pressure in said enclosure to a desired elevated 
level by selectively introducing additional gas through said filter into the flow of gas directed from said filter to said 
moisture removing means. 

19. The method recited in claim 16 further comprising decreasing the pressure in said enclosure to a desired reduced 
level by selectively exhausting gas through a second filter from said moisture removing means. 

20. A means for r circulating the gaseous medium within a sealable enclosure and of generating and controlling the 
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vapor content of th gaseous medium within said sealable enclosure, said sealable enclosure having at least one 
inlet and an outl t comprising: 

an inlet port; 

5 means for f luidly connecting said inlet port to said outlet of said enclosur in a sealed relationship; 

at least one outlet port; 

means for f luidly connecting each said at least one outlet port to a corresponding one of said at least one inlet 
of said enclosure; 

a circuit proceeding from said inlet port to said at least one outlet port; 
w a first filter in said circuit down stream of said inlet port; 

a pump in said circuit downstream of said first filter for withdrawing the gaseous medium from said enclosure; 
a drying agent in said circuit downstream of said pump; 

at least one means in said circuit downstream of said drying agent for converting a selected decorrtaminant into 
a form suitable for disposal; 

15 at least one means in said circuit downstream of said at least one converting means for heating a liquid to a 

temperature sufficient for transforming the liquid into a vapor, said at least one heating means being immedi- 
ately upstream of said at least one outlet port; 
at least one liquid reservoir; and 

first valve means for selectively delivering liquid from said at least one liquid reservoir to said at least one heat- 
so ing means. 

21. The recirculating, generating and controlling means recited in claim 20 further comprising a second valve means 
to selectively admit gas through said first filter to said circuit to increase the pressure in said enclosure when said 
inlet port and said at least one outlet port are f luidly connected, respectively, to said outlet and said corresponding 

25 one of said at least one inlet of said enclosure. 

22. The recirculating, generating and controlling means recited in claim 20 further comprising a third valve means and 
a second filter to selectively exhaust gas from said circuit through said second filter to decrease the pressure in said 
enclosure when said inlet port and said at feast one outlet port are f luidly connected, respectively, to said outlet and 

30 said corresponding one of said at least one inlet of said enclosure. 

23. The recirculating, generating and controlling means recited in claim 20 further comprising: 

means positioned in said circuit between said first filter and said pump to control the rate of flow of gas through 
35 said circuit. 

24. The recirculating, generating and controlling means recited in claim 20 further comprising: 

a by-pass line leading to said at least one converting means; 
40 a fourth valve means in said circuit between said pump and said drying agent and f luidly connected to said by- 

pass line to selectively direct the flow of gas in said circuit to said drying agent or to said by-pass line. 

25. The recirculating, generating and controlling means recited in claim 20 wherein said at least one outlet port com- 
prises two outlet ports, said at least one converting means comprises two converting means, said at least one heat- 

45 ing means comprises two heating means and said at least one liquid reservoir comprises two liquid reservoirs. 

Patentanspruche 

1 . Verfahren zum Konditionieren und Dekontaminieren des Inneren einer abdichtbaren Umschli eGung und des Inhalts 
so davon, umfassend 

das Bereitstellen einer abdichtbaren UmschlieBung und der zugehOrigen Aufbereitungseinrichtung; 
das Abdichten der UmschlieBung von einem f luiden Kontakt mit ungefilterter Umgebungsluft; 
das Filtern von Gas und das Einrichten eines stetig umlaufenden Stroms gefilterten Gases durch die 
55 UmschlieBung und die Aufbereitungseinrichtung fOr den gefilterten Gasstrom, weicher in f luidem Kontakt mit 

der UmschlieBung stent und gezielt von einem f luiden Kontakt mit ungefilterter Umgebungsluft abgeschirmt ist, 
wobei die Aufbereitungseinrichtung umfaBt: eine Einrichtung zum Trocknen des gefiftert n Gasstroms. eine 
Einrichtung zum Ertirtzen des gefilterten Gasstroms sowie Leitungseinrichtungen, die die Trocknungs- mit der 
Heizeinrichtung in f luider Weise verbinden; 
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das Senken der relativen Gas-Feuchtigkeit im Gasumlaufstrom auf einen vorbestimmten Wert, wobei der gef il- 
terte Gasstrom durch die Trocknungseinrichtung geleitet wird; 

das gezielte Eirtbringen ines dampffOrmigen Dekontaminationsmrtt Is in einer vorbestimmten Konzentration 
in den Umlauf gasstrom nachdem der gefirterte Gasstrom die Trocknungseinrichtung verlassen hat und bevor 
5 er in die UmschlieBung eirrtrrtt, so daB der gefirterte Umlauf gasstrom das dampffOrmige Dekontaminationsmit- 

tel in und durch die Umschli Bung befOrdert, wobei der Dampf aus zahlreichen Verbindungsbestandteilen 
besteht und ein Bestandteil Wasserdampf ist; 

das Aufrechterhalten des stetigen Umlauf stroms an gef iltertem Gas und dampffOrmigen Dekontaminationsmit- 
tel durch die UmschlieBung uber eine vorgegebene hinreichend lange erste Zeitspanne, bis eine Dekontami- 
10 nation der UmschlieBung und des ganzen Inhalts darin erreicht wird; 

das stetige Senken der relativen Feuchtigkeit des gef ilterten Umlaufgasstroms, urn mindestens uber die erste 
Zeitspanne die relative Feuchtigkeit auf etwa den vorbestimmten Wert zu halten; und - im AnschluB an die 
erste Zeitspanne - 

das Unterbrechen der Zugabe von dampfformigem Dekontaminationsmittel und das fortdauernde Einstromen- 
15 lassen von gefiltertem Gas in und durch die UmschlieBung uber eine hinreichende lange zweite Zeitspanne. 

damrt das dampffOrmige Dekontaminationsmittel aus der UmschlieBung entfernt wird. 

2. Verfahren nach Anspruch 1 , das zudem umfaBt: das gezielte Zulassen von weiterem gefiltertem Gas zur Aufberei- 
tungseinrichtung, urn den Druck in der UmschlieBung auf einen gewahften hOheren Wert zu heben. 

20 

3. Verfahren nach Anspruch 1, das zudem das gezielte Ableiten von gefiltertem Gas aus der Aufbereitungseinrich- 
tung umfaBt, urn den Druck in der UmschlieBung auf einen gewahlten niedrigeren Wert zu senken. 

4. Verfahren nach Anspruch 1, wobei der Schritt zur Verminderung der relativen Feuchtigkeit ein Zirkulierenlassen 
25 des gef ilterten Gasstroms durch ein Trockenmittel umfaBt 

5. Verfahren nach Anspruch 1 , wobei der Schritt des Einbringens von dampfformigem Dekontaminationsmittel in den 
gef ilterten Gasstrom umfaBt: 

30 das Leiten eines flussigen Dekontaminationsmittels zu einer Einrichtung, die das f lussige Dekontaminations- 

mittels auf eine hinreichend hohe Temperatur erhitzt, urn die Flussigkeit im wesentlichen spontan in Dampf 
OberzufOhren; und 

das Leiten des gefilterten Gasstroms durch die Heizeinrichtung, urn den Dampf in und durch die Umschlie- 
Bung zu tragen. 

35 

6. Verfahren nach Anspruch 1, wobei die vorgegebene erste Zeitspanne ausreicht, urn die UmschlieBung und den 
Inhalt zu sterilisieren. 

7. Verfahren nach Anspruch 1, wobei die vorgegebene erste Zeitspanne ausreicht, urn die UmschlieBung und den 
40 Inhalt zu desinfizieren. 

8. Verfahren nach Anspruch 1, wobei die vorgegebene erste Zeitspanne ausreicht, urn die UmschlieBung und den 
Inhalt zu entkeimen. 

45 9. Verfahren nach Anspruch 1, wobei der Schritt des gezietten Einbringens von dampfformigem Dekontaminations- 
mittel das Eirtbringen von dampfformigem Dekontaminationsmittel in den gefilterten Gasstrom in fortlaufenden 
Schritten umfaBt. 

10. Verfahren nach Anspruch 1, wobei der Schritt des gezietten Einbringens von dampfformigem Dekontami nations- 
so mittel das Eirtbringen des dampffdrmigen Dekontaminationsmittels in den gefilterten Gasstrom in unterbrochenen 

Schritten umfaBt. 

1 1 . Verfahren nach Anspruch 1 , das weiterhin das Erhitzen des gefilterten Gasstroms vor dem Eintritt des Gases in die 
UmschlieBung umfaBt. 

55 

12. Verfahren nach Anspruch 1, das weiterhin das Erzeugen einer turbulerrten StrOmung in der UmschlieBung umfaBt, 
so daB das dampfformige Dekontaminationsmittel in der ganzen UmschlieBung verteilt wird. 

1 3. Verfahren nach Anspruch 1 , das weiterhin im AnschluB an die zwerte Zeitspanne das Einbringen von Wasserdampf 
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in den gef ilterten Gasstrom umfaBt, so daf3 die UmschlieBung befeuchtet wird; und 

das Be nden des Schritts zur Aufrechthaltung d r relativen F uchtigkeit des Gases auf etwa dem vorbestimm- 
ten Wert. 

14. Verfahren nach Anspruch 1 , wobei das restliche dampffOrmige Dekontaminati nsmittel aus der UmschlieBung ent- 
fernt wird. indem das restliche dampffOrmige Dekontaminationsmittel in eine Form ubergefuhrt wird. die besertigt 
werden kann. 

15. Verfahren nach Anspruch 1, wobei das restliche dampffOrmige Dekontaminationsmittel aus der UmschlieBung ent- 
fernt wird, indem das restliche dampffOrmige Dekontaminationsmittel aus der UmschlieBung abgelenkt wird fur 
eine Lagerung und anschlieBende Beseitigung. 

16. Verfahren zum Ruckfuhren, Dekontaminieren und Steuern des Dampfgehalts eines gasfOrmigen Mediums in einer 
abdichtbaren UmschlieBung, umfassend: 

a) das Abdichten der UmschlieBung vor einem Kbntakt mit Umgebungsluft; 

b) das Abziehen von Gas aus der UmschlieBung; 

c) das Leiten des Gases durch einen Filter; 

d) das Leiten des Gases vom Filter zu einer Einrichtung, die die Feuchtigkeit aus dem Gas entfernt; 

e) das Leiten des Gases von der Feuchtigkeitsentfernungseinrichtung zu einer Einrichtung, die ein gewahltes 
Sterilisationsmittel in beseitigbare Abbauprodukte zersetzt; 

t) das Leiten des Gases von der Kbnversionseinrichtung zu einer Einrichtung zum Erhitzen einer Flussigkeit 
auf eine ausreichend hohe Temperatur, urn die Flussigkeit in Dampf uberzuf uhren; 

g) das Leiten des Gases von der Heizeinrichtung in die UmschlieBung; 

h) das Wiederholen der Schritte b) bis g) fOr eine ausreichend lange erste Zeitspanne, um die relative Feuch- 
tigkeit des Gases auf einen vorbestimmten Wert zu senken; 

i) - am Ende der ersten Zeitspanne - das Leiten eines fiussigen Dekontaminationsmittels von einem Vorratsbe- 
halter mit fIDssigem Dekontaminationsmittel zu einer Heizeinrichtung. wobei das flQssige Dekontaminations- 
mittel in ein dampffOrmiges Dekontaminationsmittel ubergefuhrt wird; 

j) das Einbringen des dampffOrmigen Dekontaminationsmittels in den GasfiuB durch die Heizeinrichtung und 
das Leiten des Gases und des dampffOrmigen Dekontaminationsmittels von der Heizeinrichtung zur Umschlie- 
Bung; 

k) das Abziehen von Gas und dampffOrmigen Dekontaminationsmittel aus der UmschlieBung; 

I) das Leiten des Gases und des dampffOrmigen Dekontaminationsmittels durch den Filter; 

m) das Leiten des Gases und des dampffOrmigen Dekontaminationsmittels vom Filter zur Feuchtigkeitserrtfer- 

nungseinrichtung; 

n) das Leiten des Gases und des dampffOrmigen Dekontaminationsmittels von der Feuchtigkeitsentfernungs- 
einrichtung zur Kbnversionseinrichtung, worin das dampffOrmige Dekontaminationsmittel in seine besertigba- 
ren Abbauprodukte ubergefuhrt wird; 

o) das Leiten des Gases und der Abbauprodukte von der Konversions- zur Heizeinrichtung; 

p) das Wiederholen der Schritte i) bis o) in der vorgegebenen zweiten Zeitspanne; und 

q) - am Ende der zweiten Zeitspanne - das Abbrechen der Schritte Q und j) und das Fortsetzen der Schritte k) 

bis o) in einer ausreichend langen dritten Zeitspanne, um das restliche dampffOrmige Dekontaminationsmittei 

aus der UmschlieBung und dem Gasstrom zu entfernen und das restliche Dekontaminationsmittel in seine 

Abbauprodukte zu uberzufuhren. 

17. Verfahren nach Anspruch 16, das weiterhin umfaBt: 

r) - am Ende der dritten Zeitspanne - das Leiten von Wasser von einem Wasservorratsbehalter zur Heizeinrich- 
tung, wobei das Wasser in Wasserdampf Qbergefuhrt wird; 

s) das Einbringen des Wasserdampfs in das Gas. das durch die Heizeinrichtung strOmt. und das Leiten des 
Gases und des Wasserdampf es von der Heizeinrichtung zur UmschlieBung; 
t) das Abziehen von Gas und Wasserdampf aus der UmschlieBung; 
u) das Durchleiten des Gases und des Wasserdampfs durch den Filter; 

v) das AbJeiten des Gases und des Wasserdampfs weg von der Feuchtigkeitsentfernungseinrichtung und 
dir kt zur Konversionseinrichtung; 

w) das Leiten des Gases und des Wasserdampfs von der Konversions- zur Heizeinrichtung; und 

x) das Wiederholen der Schritte r) bis w) in einer ausreichend langen vierten Zeitspanne. um die Umschlie- 
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Bung zu bef uchien. 

18. Verfahren nach Anspruch 16, das w iterhin umfaBt: das ErhOhen des Drucks in der UmschlieBung auf einen 
gewunschten hoheren Wert durch gezieltes Einbringen eines weiteren Gases durch den Filter in den Gasstrom, 

5 der vom Filter zur Feuchtigkeitsentfernungseinrichtung geleitet wira\ 

19. Verfahren nach Anspruch 16, das zudem das Vermindern des Drucks in der UmschlieBung auf einen gewunschten 
niedrigeren Wert umfaBt und zwar durch gezieltes AusstoBen von Gas durch einen zweiten Filter aus der Feuch- 
tigkeitsentfernungseinrichtung. 

10 

20. Einrichtung zum Zirkulieren-lassen des gasfOrmigen Mediums in einer abdichtbaren UmschlieBung und zum Ein- 
stellen und Regeln des Dampfgehalts eines gasfOrmigen Mediums in der abdichtbaren UmschlieBung, wobei die 
abdichlbare UmschlieBung mindestens einen EinlaB und einen AuslaB hat, umfassend: 

is eine EinlaBOffnung; 

eine Einrichtung, urn die EinlaBOffnung fluid, in abgedichteter Weise mit dem AuslaB der UmschlieBung zu ver- 
binden; 

mindestens eine AuslaBOffnung; 

eine Einrichtung, urn jeweils die mindestens eine AuslaBOffnung mit dem entsprechenden, mindestens einen 
20 EinlaB der UmschlieBung in fluider Weise zu verbinden; 

einen Umlauf von der EinlaBOffnung zur mindestens einen AuslaBOffnung; 
einen ersten Filter im Umlauf stromab der EinlaBOffnung ; 

eine Pumpe im Umlauf stromab des ersten Filters, urn das gasfOrmige Medium aus der UmschlieBung abzu- 
pumpen; 

25 ein Trockenmittel im Umlauf stromab der Pumpe; 

mindestens eine Einrichtung im Umlauf stromab des Trockenmittel, urn ein gewahltes Dekontaminationsmittel 
in eine Form uberzufuhren, die beseitigt werden kann; 

mindestens eine Einrichtung im Umlauf stromab der mindestens einen Kbnversionseinrichtung, urn eine Flus- 
sigkeit auf eine ausreichend hohe Temperatur zu erhitzen, so daB die ROssigkeit in Dampf ubergefuhrt wird, 
30 wobei sich mindestens eine Heizeinrichtung unmittelbar stromauf der mindestens einen AuslaBOffnung befin- 

det; 

mindestens einen Russigkertsbeharter; und 

eine erste Verrtileinrichtung zum gezielten Anbringen von ROssigkeit aus dem mindestens einen Flussigkeits- 
vorratsbehaiter zu der mindestens einen Heizeinrichtung. 

35 

21. Zirkulations-, Erzeugungs- und Steuerungs-Einrichtung nach Anspruch 20, umfassend weiterhin eine zweite Ven- 
tileinrichtung, urn gezielt Gas durch den ersten Filter des Umlaufs zuzuf uhren und den Druck in der UmschlieBung 
zu steigern, wertn die EinlaBOffnung und die mindestens eine AuslaBOffnung mit dem AuslaB bzw. dem entspre- 
chenden, mindestens einen EinlaB der UmschlieBung in fluider Weise verbunden sind. 

40 

22. Zirkulations-, Erzeugungs- und Steuerungs-Einrichtung nach Anspruch 20, umfassend weiterhin eine dritte Verrtil- 
einrichtung und einen zweiten Rfter, urn Gas gezielt durch den zweiten Filter aus dem Umlauf auszuleiten und den 
Druck in der UmschlieBung zu senken. wenn die EinlaBOffnung und die mindestens eine AuslaBOffnung jeweils mft 
dem AuslaB bzw. dem entsprechenden, mindestens einen EinlaB der UmschlieBung in fluider Weise verbunden 

45 sind. 

23. Zirkulations-, Erzeugungs- und Steuerungs-Einrichtung nach Anspruch 20, umfassend weiterhin eine Einrichtung, 
die im Umlauf zwischen dem ersten Filter und der Pumpe angeordnet ist, urn die Geschwindigkeit des Gasstroms 
im Umlauf zu steuern. 

50 

24. Zirkulations-, Erzeugungs- und Steuerungs-Einrichtung nach Anspruch 20, umfassend weiterhin einen Umlauf, der 
zur mindestens einen Kbnversionseinrichtung fuhrt; 

eine vierte Verrtileinrichtung im Umlauf zwischen der Pumpe und dem Trockenmittel, die mit dem Umlauf in f lui- 
55 der Weise verbunden ist, urn den Gasstrom im Umlauf gezielt zum Trockenmittel Oder zur Umlertung zu lenken. 

25. Zirkulations-, Erzeugungs- und St uerungs-Einrichtung nach Anspruch 20, wobei die mindestens eine AuslaBOff- 
nung zwei AuslaBOffnungen umfaBt die mindestens eine Konversionseinrichtung zw i Konv rsionseinrichtungen, 
die mindestens eine Heizeinrichtung zwei Heiz inrichtungen und der mindestens eine FlussigkertsvorratsbehaHer 
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zwei Flussigkeitsvorratsbehafter. 
Revendications 

5 1 . Proc6d6 de preparation et de decontamination de llnterieur rfune enceint qui peut etr ferm6e de maniere etan- 
ch td s n contenu, compr nant : 

ta disposition d'une enceinte qui peut §tre fermee et d'un dispositif de traitement qui lui est associe, 
ia fermeture etanche de I'enceinte af in qu'elle ne communique pas avec I'air atmospherlque non filtre, 

w la filtration d'un gaz et I'etablissement d'un courant corrtinu de recirculation du gaz filtre dans I'enceinte et dans 

le dispositif de traitement, le courant de gaz filtre etant raccorde k I'enceinte et etant separ6 selectivement de 
maniere etanche de fair atmospherique non filtre, le dispositif de traitement comprenant un dispositif de 
sechage du courant de gaz filtre, un dispositif de chauffage du courant de gaz filtre, et un conduit raccordant 
le dispositif de sechage au dispositif de chauffage, 

is la reduction de I'humidite relative du gaz dans le courant de gaz qui recircule, k une valeur predetermines par 

direction du courant de gaz filtre dans le dispositif de sechage, 

I'introduction selective d'une matiere de decontamination en phase vapeur k une concentration predeterminee 
dans le courant de gaz qui recircule apres que le courant du gaz filtre est sort du dispositif de sechage et avant 
que le courant de gaz filtre ne penetre dans I'enceinte, si bien que le courant de gaz filtre qui recircule entraine 
20 la matiere de decontamination en phase vapeur dans I'enceinte et k travers celle-ci, la vapeur etant une vapeur 

contenant plusieurs elements constituants dont Tun est la vapeur d'eau, 

I'entretien du courant corrtinu de recirculation de gaz filtre et de matiere de decontamination en phase vapeur 
dans I'enceinte pendant une premiere periode predeterminee suff isante pour que I'enceinte et son contenu 
soient decorrtamines, 

25 la reduction continue de I'humidite relative du courant de gaz filtre qui recircule af in que I'humidite relative soit 

maintenue k proximite du niveau predetermine au moins pendant la premiere periode, et 
apres la premiere periode, {'interruption de Tintroduction de la matiere de decontamination en phase vapeur et 
la poursuite de la circulation du gaz filtre dans I'enceinte et k travers celle-ci pendant une seconde periode qui 
suff it pour que la matiere de decontamination en phase vapeur soit extraite de i'enceinte. 

30 

2. Precede selon la revendication t , comprenant en outre I'admission selective d'un gaz filtre supplementaire dans le 
dispositif de traitement af in que la pression dans I'enceinte soit accrue k un niveau eiev6 choisi. 

3. Proc6de selon la revendication 1 , comprenant en outre I'evacuation selective du gaz filtre du dispositif de traite- 
35 merrt af in que la pression dans I'enceinte soit reduite k un niveau reduit choisi. 

4. Precede selon la revendication 1 , dans lequel I'etape de reduction de I'humidite relative comprend la circulation du 
courant de gaz filtre dans un agent de sechage. 

40 5. Precede selon la revendication 1, dans lequel i'etape d'introduction d'une matiere de decontamination en phase 
vapeur dans le courant de gaz filtre comprend la circulation d'une matiere liquide de decontamination vers un dis- 
positif de chauffage de cette matiere liquide k une temperature suff isante pour que le liquide se transforme de 
maniere pratiquement instantan6e en vapeur et la circulation du courant de gaz filtre dans le dispositif de chauffage 
af in que la vapeur soit entraTnee dans I'enceinte et k travers celle-ci. 

45 

6. Precede selon la revendication 1, dans lequel la premiere periode predeterminee suff it pour la sterilisation de 
I'enceinte et de son contenu. 

7. Precede selon la revendication 1, dans lequel la premiere periode predeterminee suff it pour la desinfection de 
so I'enceinte et de son contenu. 

8. Precede selon la revendication 1, dans lequel la premiere periode predeterminee suff it pour I'assainissement de 
I'enceinte et de son contenu. 

55 9. Precede selon la revendication 1 , dans lequel I'etape d'introduction selective de la matiere de decontamination en 
phase vapeur comprend (Introduction de cette matiere dans le courant de gaz filtre de facon continue. 

10. Precede selon la revendication 1 , dans lequel retape d'introduction selective de la matiere de decontaminati n en 
phase vapeur comprend llntroduction de cette matiere dans le courant de gaz filtre d maniere discontinue. 
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1 1 . Procede selon la revendication 1 p comprenant en outre I chauffage du courant de gaz filtre avarrt qu'il ne penetre 
dans I'enceinte. 

12. Procede selon la revendication 1, comprenant en outre la creation d'une turbulence dans I'enceinte afin que la 
5 matiere d decontamination en phase vapeur sort melangee dans I'enceinte. 

13. Procede selon la revendication 1, comprenant en outre : 

apres la seconde periode, rirrtroduction de vapeur d'eau dans le courant de gaz filtre afin que I'enceinte soit 
w humidifiee, et 

('interruption de Centretien d'humidrte relative du gaz au niveau predetermine approximativement. 

14. Procede selon la revendication 1 , dans lequel la matiere residuelle de decontamination en phase vapeur est retiree 
de I'enceinte par transformation de cette matiere de decontamination residuelle en phase vapeur en une forme qui 

is convient k son evacuation. 

15. Procede selon la revendication 1, dans lequel la matiere de decontamination residuelle en phase vapeur est retiree 
de I'enceinte par direction de cette matiere residuelle en dehors de renceinte afin qu'eiie soit stockee puis evacuee. 

20 16. Procede de recirculation, de decontamination et de reglage de la teneur en vapeur d'un fluide gazeux dans une 
enceinte qui peut §tre fermee de maniere etanche, comprenant : 

a) la fermeture etanche de I'enceinte afin qu'elle ne communique pas avec I'air atmospherique, 

b) I'extraction du gaz de I'enceinte. 

c) la circulation du gaz dans un filtre, 

d) la direction du gaz du filtre vers un dispositif d'extraction d'humidrte du gaz, 

e) la direction du gaz du disposrtif d'extraction d'humidite k un disposrtif de degradation d'une matiere choisie 
de sterilisation en produits de degradation qui conviennent k leur decharge, 

f) la direction du gaz du disposrtif de conversion vers le disposrtif de chauffage d'un iiquide k une temperature 
qui suffrt pour la transformation du Iiquide en vapeur, 

g) la direction du gaz du dispositif de chauffage vers I'enceinte, 

h) la repetition des etapes b) k g) pendant une premiere periode suff isante pour que I'humidite relative du gaz 
soit reduite k un niveau predetermine, 

i) k la fin de la premiere periode, la direction d'une matiere Iiquide de decontamination d'un reservoir de 
matiere Iiquide de decontamination vers le dispositif de chauffage dans lequel la matiere Iiquide de deconta- 
mination se transforme en matiere de decontamination en phase vapeur, 

j) Introduction de la matiere de decontamination en phase vapeur dans le gaz circulant dans le dispositif de 
chauffage et la direction du gaz et de la matiere de decontamination en phase vapeur du disposrtif de chauf- 
fage k I'enceinte, 

k) I'extraction du gaz et de la matiere de decontamination en gaz vapeur de I'enceinte, 
I) la circulation du gaz et de la matiere de decontamination en phase vapeur dans le filtre, 
m) la direction du gaz et de la matiere de decontamination en phase vapeur du filtre au dispositif d'extraction 
d'humidite, 

n) la direction du gaz et de la matiere de decontamination en phase vapeur du dispositif d'extraction d'humidite 
au dispositif de conversion dans lequel la matiere de decontamination en phase vapeur est transformee en 
produits de degradation qui peuvent Stre evacues, 

o) la direction du gaz et des produits de degradation du dispositif de conversion au dispositrf de chauffage, 
p) la repetition des etapes 0 k o) pendant une seconde periode predetermine, et 

q) k la fin de la seconde periode, llnterruption des etapes i) et j) et la poursuite des etapes k) k o) pendant une 
troisieme periode qui suffit pour ('extraction de la matiere residuelle de decontamination en phase vapeur de 
I'enceinte et du courant de gaz et pour la transformation de la matiere residuelle de decontamination en pro- 
duits correspondents de degradation. 

17. Proced6 selon la revendication 16, comprenant en outre : 

55 

r) k la fin de la troisieme periode, la direction d'eau d'un reservoir d'eau vers le dispositif de chauffage dans 
lequel I'eau est transformee en vapeur d'eau, 

s) rirrtroduction de la vapeur d'eau dans le gaz qui circule dans le dispositif de chauffage et la direction du gaz 
et de la vapeur d' au du dispositif de chauffage k I'enceinte, 
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t) Textraction du gaz et de la vapeur d'eau de I'enceinte, 
u) la circulation du gaz et de la vapeur d'eau dans le f iltr , 

v) la derivation du gaz t de la vapeur d'eau k distance du dispositif d'extraction d'humidite et direct m rrtdans 
le dispositif de conversion, 

w) la direction du gaz et de la vapeur d'eau du dispositif de conversion vers I dispositif de chauffage. et 
x) la repetition des etapes r) k w) pendant un quatri&m period qui suffit pour I'humidrf ication d I'enceint . 

18. Procede selon la revendication 1 6, comprenant en outre I'augmentation de la pression dans I'enceinte k un niveau 
Sieve voulu par introduction selective d un gaz supplemental par rintermediaire du firtre dans le courant de gaz 
dirige du firtre vers le dispositif d'extraction d'humidite. 

1 9. Proc6d6 selon la revendication 1 6, comprenant en outre la reduction de la pression de i'enceinte k un niveau r6duit 
voulu par evacuation selective du gaz par un second firtre k partir du dispositif d'extraction d'humidite. 

20. Dispositif de recirculation du f luide gazeux dans une enceinte qui peut §tre fermee de maniere etanche, et de crea- 
tion et de r6glage d'une teneur en vapeur du f luide gazeux dans I'enceinte qui peut §tre fermee de maniere etan- 
che, cette enceinte ayant au moins une entree et une sortie, comprenant : 

un orifice d'entr6e, 

un dispositif de raccordement de I'orifice d'entree k la sortie de I'enceinte de maniere etanche. 
au moins un orifice de sortie, 

un dispositif de raccordement de chaque orifice de sortie k une entree correspondante de I'enceinte, 
un circuit forme de I'orrf ice d'entree k {'orifice de sortie au moins, 
un premier f iltre place dans le circuit en aval de I'orrf ice d'entree, 

une pompe placee dans le circuit en aval du premier f iltre et destin6e k extraire le f luide gazeux de I'enceinte, 
un agent de sechage place dans le circuit en aval de la pompe, 

au moins un dispositif place dans le circuit en aval de I'agent de sechage et destine k transformer une mature 
choisie de decontamination en une forme qui convient k une evacuation, 

au moins un dispositif place dans le circuit en aval du dispositif de conversion au moins et destine k chauffer 
un liquide k une temperature qui suffit pour la transformation du ItqukJe en une vapeur, le dispositif de chauf- 
fage au moins etant place immediatement en amont de I'orif ice de sortie au moins, 
au moins un reservoir de liquide, et 

une premiere soupape destinee k transmettre seiectivement le liquide du reservoir de liquide au moins au dis- 
positif de chauffage au moins. 

21 . Dispositif de recirculation, de creation et de r6glage selon la revendication 20, comprenant en outre une seconde 
soupape destinee k ('admission selective d'un gaz k travers le premier f iltre vers le circuit af in que la pression dans 
I'enceinte sort accrue lorsque I'orif ice cf entree et i'orrf ice de sortie au moins sorrt raccordes respectivement k la sor- 
tie et k I'entree correspondante au moins de I'enceinte. 

22. Dispositif de recirculation, de creation et de reglage selon la revendication 20, comprenant en outre une troisieme 
soupape et un second firtre destines k evacuer seiectivement le gaz du circuit par rintermediaire du second firtre 
de maniere que la pression dans I'enceinte sort reduite lorsque I'orif ice d'entree et I'orifice de sortie au moins sorrt 
connects respectivement k la sortie et k I'entree correspondante au moins de I'enceinte. 

23. Dispositif de recirculation, de creation et de reglage selon la revendication 20, comprenant en outre un dispositif 
place dans le circuit entre le premier f irtre et la pompe et destine k regler le debit de circulation du gaz dans le cir- 
cuit 

24. Dispositif de recirculation, de creation et de reglage selon la revendication 20, comprenant en outre : 

une conduite de derivation rejoignant le dispositif de conversion au moins, et 

une quatrieme soupape p!ac£e dans le circuit entre la pompe et i'agent de sechage et connectee k la conduite 
de derivation af in qu'elle dirige seiectivement ie courant de gaz du circuit vers I'agent de sechage ou la con- 
duite de derivation. 

25. Dispositif de recirculation, de creation et de reglage selon la revendication 20, dans lequel I'orifice de sortie au 
moins comporte deux orifices de sortie, le dispositif de conversion au moins comprend deux disposrtrfs de conver- 
sion, le dispositif de chauffage au moins comprend deux disposes de chauffage, et le reservoir de liquide au moins 
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comprend deux reservoirs de liquide. 
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Fig. 3. Fig. 4. 




Fig .5. 
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(F/V = .072, HALF LIFE s 5, C= 5.2:2.09 mg/liter) 
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Fig .6. 

(F/V=.0I5I, H.L.= 5, R.H.=5, C= 8.4: 4.5 mg/liter) 
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Fig. 7. 

(F/V*.0I5I, H.L=IO t R.H.*5, C= 8.4! 4.5 mg/liter) 
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